Introduction
The primary effect of quantum mechanics in atomic and molecular collision processes is to provide an interference structure about the results given by classical mechanics. There are many examples of this, perhaps the best known one being the interference (and rainbow) structure i 1 . . 1, 2 seen n e ast1c atom-atom scatter1ng.
Classical S-matrix theory 3 is a semiclassical approach that adds the quantum principle of superposition (i.e., interference) to classical mechanics in a general and correct manner and is thus able to describe quantum interference effects in complex--i.e., inelastic and reactive--collision processes. The first application 4 of classical S-matrix theory, in fact, showed that there is an interference structure in internal state distributions.
--e. g., the distribution of final vibrational or rotational states after an inelastic or reactive collision--quite analogou$ to the 1 2 interference features in the angular distribution for elastic scattering~ '
The physical origin of this interference in internal state distributions is precisely the same as that of interference in elastic scatteri~g:
in both cases there is more than one classical trajectory which leads to the specific final state (a specific final internal state or.a specific scattering angle), and the net amplitude for the transition is the sum of amplitudes related to each such trajectory; interference between these several classical trajectories results when the net amplitude is squared to obtain cross sections. 0 0 ~j {) .r.j 7 0 ~~ 0 7 9 -3-state-selected, and anything less than measurements of completely specified initial and final states involves some averaging that tends. to wash out the interference structure. (For elastic atom-atom scattering there are no internal states, so that the differential cross section is the complete measurement in this case.)
In this paper we discuss an interference effect in rotationally inelastic scattering that i.s often not quenched by av~raging. To see its origin, consider rotational excitation of a homonuclear diatomic molecule, e.g., N 2 , by collision with an atom. As is well known, quantum mechanics only allows an even change in the rotational quantum number j. This selection rule, llj = even, 3c 6 is a,lso obtained rigorously in classical S-matrix theory '
where it appears as an interference effect; i.e., classical trajectories with odd llj exist but destructive interference causes the net amplitude for them to be zero. Section II reviews this in more detail.
The interesting situation arises for an "almost homonuclear" diatomic molecule, i.e., a heteronuclear diatomic for which the odd anisotropy is much smaller than the even anisotropy. In this case odd llj transitions are diminished by destructive interference 'but yet have finite cross sections. This propensity, or weak selection rule is oftennot quenched by averages over impact parameter or the initial and final m-components of the rotational state, and has been observed and noted in some calculations. 7
It is clear that it cannot be properly described by a completely classical theory which does not include interference.
7 ' 8 This paper reports calculations we have carried out, using classical anisotropy of the interaction potential.
: .
•
To see the semiclassical origin of the selection and propensity rules 3c it is sufficient to consider rotational excitation of a plane rotor.
The classical Hamiltonian for such a system is p2 2 H(P,R,j,q) =
where (P,R) are the momentUm and coordinates for the translational degree of freedom (with reduced mass~), and (j,q) are the action~angle variables for th~ rotational degree of freedom; B is the rotation constant for the rotor.
The action variable j is the classical counterpart to the rotational quantum number.
The semiclassical expression for the probability of the jl + j 2 3 rotat:f..onal transition i(> (2. 2) where the classical S-matrix element (i.e., the transition amplitude) is given by ' (2. 3) (units being used such that h = 1), where ¢ is the action integral ¢(j 2 ,j 1 ) =-ldt [R(t) ddt P(t) + q(t) :t j(t)] each term being of the form in Equation (2.3). The first and third terms, however, are not independent; the only difference between the t t j t · f h" h th t constructed ~s that - ( 3 ) wo ra ec or~es rom w ~c ese erms are
and for all values of time t one thus has (2. Sa)
(2. 9)
• and or <f>.
J2,Jl so that where s (3) j2,j 1
. j2,jl (2.10)
J2' 1 e -i1T.6j (2 .11) The second and fourth terms in Eq. (2.7) are related in a similar way,· -i1T.6j e so that the net S-matrix element is ' (2.12) .(2.13)
The rigorous selection rule is thus apparent for the homonuclear case:
.6j even (2.14b) which we again emphasize is a direct consequence of interference.
• 'It
Consider now what happens if a small odd anisotropy is introduced in the potential V(R,q) (e.g., a small term proportional to cosq): the shape of the function j 2 (q 1 ) will be slightly perturbed and cease to be identical in the intervals (O,n) and (n,2n), as seen in Figure 1 . The first and third terms in Eq. (2.7) will thus not cancel identically for odd 6j as before, although there will still be considerable destructive interference if the symmetry of j 2
( q 1 ) is only slightly perturbed. The transition probability for odd ~j transitions, though still small, will now be finite.
The degree to which the symmetry of j 2 (q 1 ) about n is broken is directly related to the amount of odd anisotropy in the interaction potential. In the next section we present some sample calculations which show the propensity effects as a function of relative magnitudes of the even and odd anisotropies in the potential. To keep the calculations as simple as possible we decided to carry 9 10 them out within the framew,prk of the "j conserving" approximation ' z .
that has been used recently in quantum mechanical coupled channel calculations and found to be reasonably accurate in a number of cases (particularly so for integral cross sections that are averaged over initial and final m-components of the rotational states). Although there may be cases for which this approximation is inadequate, it should suffice to demonstrate the'interference effects in rotational excitation that were discussed in the previous section.
The complete (classical) Hamiltonian in the helicity representation for an atom-rigid rotor system has been given before 11 and is 2)
The helicity-or j -conserving approximation 9 • 10 is to assume that z .
K is conserved, for which it is necessary to replace the Hamiltonian in Before carrying out these calculations we had expected that the interference structure would be quenched as the odd anisotropy parameter a 1 is increased relative to the even anisotropy parameter a 2 • Although this does happen eventually, interesting things are observed before the interference is quenched completely. i.e., the interference is exactly out of phase with that predicted by the ordinary propensity (which sterns from M> = -7T~j). The dependence of M> on a 1 and ~j in Eq. (3.11) qualitatively explains all the interference behavior observed in our calculations.
Eventually, however, the interference structure is quenched for a 2 « a 1 . This is shown in Figure 5 for the case a 1 = 1. 0 and a 2 = 0. 5. .. ' 
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